I.
Introduction For well over a decade school districts across the U.S. have struggled to recruit and retain effective mathematics teachers. This problem appears to be more acute in schools serving high poverty student populations (Hanushek et al., 2004) . Historically, this has meant that many middle and high school mathematics teachers are teaching out of field (Ingersoll, 2003) . NCLB attempted to address this issue by requiring that all children in core academic subjects be taught by a highly qualified teachers (HQT) beginning in 2005-06. To be highly qualified a teacher must, among other things, have state certification and demonstrated knowledge in the subject area. States were afforded substantial discretion in how they met the HQT requirements. Nonetheless, there is evidence that not all teachers meet the HQT standard and that children in high poverty schools are much more likely to be taught mathematics by a teacher who does not meet this requirement (Peske and Haycock, 2006) .
In response to the shortage of qualified math teachers, school districts have employed a variety of strategies. Some of these strategies, including paying a one-time signing bonus or a subject-area bonus, largely target the distribution of teachers between districts while leaving the overall pool of candidates relatively unchanged. Other strategies, such as alternative-route certification programs, expand the pool of potential math teachers. For example, the New York City Teaching Fellows Program provided nearly 12,000 new teachers to New York City schools from 2003 to 2008. However, many alternate routes, including the Teaching Fellows, have not been able to attract large numbers of teacher candidates with undergraduate degrees in mathematics or science. For example, fewer than 10 percent of the math certified teachers who entered teaching in New York City in 2007-08 through the New York City Teaching Fellows program had an undergraduate major in mathematics. More recently, several teacher residency programs that focus on math, such as Math for America, have been directing substantial effort to the recruitment and preparation of highly qualified math candidates. While these programs have attracted individuals with undergraduate degrees in Mathematics from very strong undergraduate institutions, to date we know little about the effectiveness of the teachers from these programs compared to those from alternative certification or tradition teacher preparation programs.
In response to the need for qualified math teachers and the difficulty of directly recruiting individuals who have already completed the math content required for qualification, some districts, including Baltimore, Philadelphia, Washington D.C., and New York City, have developed alternative certification programs with a math immersion component to recruit otherwise well-qualified candidates, who do not have undergraduate majors in math. Such programs provide candidates with intensive math preparation to meet state certification requirements while, at the same time maintaining the early-entry approach common in alternative pathways; in these programs, individuals who have not completed a teacher preparation program can become a qualified teacher with only five to seven weeks of coursework and practice teaching. This approach is becoming increasingly widespread but to date there is little evidence of the effectiveness of teachers that enter through this immersion route.
The New York City Teaching Fellows program was among the first to employ a math immersion component in the recruitment of math teachers. Prior to 2003, in the absence of sufficient numbers of teachers who met the math major requirement, New York City employed many uncertified (temporary license) teachers to teach math. These uncertified teachers disproportionately taught low-performing students who frequently were from non-white and low-income families. applicants to the Fellows program for every vacancy filled by a Fellow. However, recruiting math teachers is often difficult. New York State requires that math teachers receive 30 semester hours of undergraduate mathematics coursework, typically equivalent to a mathematics major, which is not so different from the requirements in many other states. Few college graduates meet this requirement and even fewer of those who do choose to enter teaching. Thus, even with the creation of the alternative certification route, New York City finds it difficult to recruit sufficient numbers of teachers with substantial math coursework or a math undergraduate major.
In response to the continued shortage of qualified math teachers, the district developed the Math Immersion component of the New York City Teaching Fellows. Math Immersion began as a small pilot in 2002-03, just as NYCTF was beginning, and, depending on the year, supplies nearly 50 percent of all new middle and high school math teachers in New York City. Math Immersion seeks to increase the supply of math teachers by reducing entrance requirements and providing opportunities for teaching candidates interested in mathematics to complete the mathematics required to be qualified, without returning to college for an additional degree. By design, the Math Immersion program recruits individuals who did not major in mathematics but who demonstrate evidence of math proficiency by having a math related undergraduate major (e.g., economics or science) or who have math related work experiences.
In this study, we examine the following research questions:
 How does the background and preparation of Math Immersion teachers compare to math teachers entering through other pathways?
 How do the achievement gains of the students taught by Math Immersion teachers compare to those of students taught by math teachers entering through other pathways?
 How does the retention of Math Immersion candidates compare to math teachers entering through other pathways?
II. Background Theoretical Framework: Content knowledge for teaching
Underlying all teacher preparation policies and programs are implicit and explicit assumptions about what teachers need to know and how they can best acquire that knowledge. For example, policies requiring a mathematics major for entry into secondary mathematic teaching place explicit value on the importance of content knowledge for teaching and make the assumption that such knowledge is best gained through academic preparation in the subject matter. Policies that require passing a test of mathematical knowledge, rather than possession of a college major, also value content knowledge, but do not make the same assumption that knowledge is necessarily linked to specific academic coursework.
Similarly, teacher education programs differ in how they include content knowledge for teaching in preparation programs. Some programs require a major or substantial coursework prior to entry, to ensure sound content knowledge, while other programs weave content coursework into the preparation (Author, 2008) . In the former case, content knowledge is seen as a pre-requisite background for learning how to teach content, while in the latter case, teacher educators may believe that learning subject matter content in the context of learning to teach may provide more usable knowledge for teaching.
In his seminal article, Shulman (1987) lays out a taxonomy of knowledge for teaching, including knowledge of subject matter. Under knowledge of subject matter, Shulman discusses the importance of deep content knowledge for teachers and proposes the centrality of pedagogical content knowledge, knowledge of subject matter that is uniquely tied to the demands of teaching. His framework suggests that teachers need both formal knowledge of the content they teach, gained through study, as well this more pedagogical understanding of content, gained through both preparation and experience. Research on the relationship between subject matter knowledge in mathematics and teaching, while still equivocal, would seem to support this contention (c.f. Monk, 1994 ; Wilson, Floden, & Ferrini-Mundy, 2001; National Research Council, 2010 Alternatively, programs may believe that generic teaching ability is more important and require to take classes in more general aspects of teaching, including classroom management, child development, or approaches to teaching culturally and linguistically diverse students.
The curriculum of teacher education, whether alternative or traditional, is always making bets on the knowledge teachers need most as they enter the classroom, and the variation in curricular offerings across programs and pathways reflects these different bets (Author, 2008) . The study of Math Immersion programs provides an opportunity to see how institutions organize their programs to provide the mathematics they believe secondary teachers need for teaching.
Linking Teacher Preparation and Student Learning
Linking teacher preparation and pathways into teaching to student learning is a complex process.
Student outcomes are influenced directly by the teacher workforce but also by other school inputs and external factors such as student background and environment. Because of these complexities, linking teacher preparation to student achievement is difficult to model empirically. On top of this, the teacher workforce and each teacher's decisions of where to teach and how to teach is influenced by many institutional factors such as state and district policies, by teacher preparation pathways, and even by student performance. Teacher preparation, alone, is difficult to describe and measure, as it comprises many elements from subject-matter, to pedagogy, to child and youth development and classroom management. In addition, quality of implementation likely is at least as important as content coverage in preparation.
With the increasing availability of rich data on students, teachers and schools in recent years, researchers have begun to develop a range of empirical models to examine the relationship between how teachers are prepared and the outcomes of their students. Most of these models either compare the learning gains of students taught by teachers in the same school or compare the learning gains of the same students taught by different teachers in different years. Recent rigorous research using these approaches to assess the effectiveness of alternative routes to teaching shows that individuals entering teaching through highly selective early-entry routes are either as effective in teaching math as teachers entering through traditional preparation programs or become so within the first few years of their careers, (Decker et al. 2004; Authors 2006; Kane et al. 2007; Harris and Sass, 2008; and Constantine et al. 2009 ).
However, there is wide variation in the selection and preparation requirements of both traditional and alternative preparation programs, and comparing broad categories of pathways into teaching does little to uncover the effects of program or pathway characteristics. In some instances the difference between an alternative route and a traditional route can be more a matter of timing of requirements than a substantive difference in requirements (Authors, 2009 ). In other cases there are dramatic differences in the requirements that teachers must fulfill to become certified through alternative and traditional preparation programs, (Feistritzer, 2008; Author, 2008) . Nearly all of the research examining the relative effectiveness of various forms of teacher preparation has been limited to exploring relative differences in the gains of student achievement for teachers from different programs (e.g. Authors, 2006; Harris and Sass, 2008; Decker, Mayer, & Glazerman, 2004; Raymond, Fletcher, & Lucque, 2001; Xu, Hannaway and Taylor, 2007) without attempting to understand the many components of teacher preparation. There are a few exceptions to this focus on program effects. Constantine et al., 2009 provide a detailed description of differences in programs in their analysis. Author, 2009 assess the effects of preparation program characteristics for elementary school teachers on student learning and Harris and Sass, 2007, examine the extent to which a teacher's specific preparation coursework is associated with achievement gains in her students.
Thus, several studies have examined the effectiveness of teachers from alternative pathways and some have included middle school math outcomes. In addition, a few studies have examined the relationship between preparation features and classroom achievement gains. On the other hand, to our knowledge, no prior research has systematically examined the specific preparation and effectiveness of math teachers, in particular, nor has it examined the effectiveness of routes into math teaching based on a math-immersion model. [ Figure 2 about here]
New York City has come to rely heavily on Math Immersion for its new math teachers, accentuating the importance of a better understanding the effectiveness of these teachers and this approach to pre-service preparation. Dramatic changes in other pathways would be needed to fill the demand for middle and high school math teachers if the Math Immersion program were eliminated. In this analysis we compare Math Immersion to other current pathways as a means to understand their effect on student achievement and teacher retention.
III. Data and Methods
The data for this analysis come from three distinct sources: extensive administrative data, information about teacher preparation programs obtained from document reviews and interviews with administrators in teacher preparation programs, and from a survey of teachers. 5 We describe each of these datasets in turn below.
Administrative data:
We employ administrative data on students, teachers and schools drawn from a variety of databases from the New York City Department of Education, the New York State Education Department and the College Board. Student achievement exams are given in grades 3 through 8. All the exams are aligned to the New York State learning standards and each set of tests is scaled to reflect item difficulty and are equated across grades and over time. 6 Tests are given to all registered students with limited accommodations and exclusions. Thus, for nearly all students, the tests provide a consistent assessment of achievement for a student from grade three through grade eight. Since the Math Immersion program was initiated in the 2003-04, we include data for all teachers who teach students with mathematics achievement outcomes from 2003-04 through 2007-08. The dependent variables in our models come from annual student achievement exams given in grades four through eight to almost all New York City students. The student data, provided by the New York City Department of Education (NYCDOE), consists of measures of gender, ethnicity, language spoken at home, free-lunch status, special-education status, number of absences, and number of suspensions for each student who was active in any of grades three through eight that year.
For most years, the data include scores for approximately 65,000 to 80,000 students in each grade. Using these data, we construct a set of records with a student's current exam score and his or her lagged exam score. For this purpose, a student is considered to have value added information in cases where we had a mathematics score for the current year and a score for the same subject in the immediately preceding year for the immediately preceding grade. All student achievement scores have been normalized by grade and year to have a zero mean and a unit standard deviation. documents. In addition, we interviewed program directors and directors of field experiences about the curriculum, structure, and field experiences in their programs. We also documented the curricular requirements in each program, focusing specifically on the number of required courses in math methods and in math content, as well as required courses related to learning, assessment, diverse learners, and classroom management. To further document the preparation received in mathematics, we collected syllabi from both math content and math methods courses whenever possible. In our analyses of preparation to teach mathematics, we looked at the overall emphasis on the teaching of mathematics, as
represented by the percentage of the curriculum that focused on math, as opposed to an emphasis on less subject-specific preparation. In addition to analyzing course requirements and credit hours, we analyzed syllabi for all mathematics and mathematics methods courses. We developed a coding scheme to look at how closely the mathematics taught in content courses was linked to school mathematics and the ways in which classes asked students to learn about students' understanding of mathematics. We also looked at the mathematical topics included in these courses. These analyses allowed us to investigate the mathematical richness of the required classes, as well as the opportunities to investigate the pedagogical issues related to the teaching of mathematics.
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Because participants in these various pathways complete their coursework at different times, it is important to remember that students in the College Recommended programs will have completed all of these requirements prior to teaching full-time as a teacher of record; in both TFA and the NYC Teaching
Fellows, participants complete 6-8 weeks of initial coursework prior to becoming full-time teachers, completing the rest of the requirements during their first 2-3 years of teaching.
Surveys:
In the spring of 2005 we conducted a survey of all first-year New York City teachers in which we asked detailed questions about their preparation experiences, the mentoring they received in their first year, and their teaching practices and goals; separate section for math teachers focused specifically on aspects of their math teaching and preparation to teach mathematics. Our overall response rate is 71.5 percent. Respondents were asked to consider the preparation they received prior to We employ factor analysis of survey items to measure the extent to which programs emphasize various aspects of preparation. These factors and the survey questions on which they are based are summarized in Appendix A. 8 For this purpose, we identify factors for opportunities to learn about teaching math, their subject matter preparation in math, their preparation in specific teaching strategies, their preparation for special education students, the quality of their field experience, and the overall opinion of the quality of their teacher preparation program.
Methods. In describing teacher preparation programs, we employ data from our analysis of program documents and interviews with program administrators that is summarized in tabular form. We employ the factors constructed from the survey questions in regression analysis to examine whether teachers prepared in certain pathways and programs identify similarities in their preparation that differentiates it from that of other pathways. These regressions also include controls for the school context in which teachers work and their personal characteristics.
As described above, a number of factors potentially complicate the identification of aspects of teacher preparation that may influence the achievement of students taught by these teachers. First, teaching candidates select their teaching pathway, preparation institution and program. This selection is important because of the need to account for it in our assessment of program effects. Also by identifying the features of pathways that attract individuals with the greatest potential, programs can recruit more effective teachers. Second, different pathways into teaching can lead teachers into schools and classrooms with different characteristics. For example, even at the pathway level there exist systematic differences in the observable characteristics of the students they teach (see Table 1 ). On average the students of Math Immersion teachers appear to be meaningfully more challenging to teach than the students of College Recommended teachers. The students of Math Immersion teachers have math achievement scores that average nearly 30 percent of a standard deviation lower than those of students of College Recommended teachers. They are also more likely to be eligible for free lunch and are more likely to be absent. By the same measures, the Math Immersion teachers have students who appear less challenging than other New York City Teaching Fellows teachers or Teach for America teachers.
Because these differences likely influence student outcomes, our empirical models must be able to control for them if we are to identify the effects of preparation as distinct from placement.
[ Table 1 about here]
There are two parts to our multivariate analysis of the effects of math preparation. In the first, we explore the effect of pathways by estimating the mean differences in value-added to student achievement in math of teachers from different preparation pathways. We net out the effects of student, classroom and school influences from the effects of preparation pathway. The model for estimating pathway effects is based on the following equation:
Here, the achievement (A) of student i in year t with teacher j in school s is a function of his or her prior achievement, time-varying and fixed student characteristics (X), characteristics of the classroom (C), characteristics of the teacher (T), indicator variables (fixed effect) for the preparation pathway, e.g.,
College Recommended, the teacher completed (Π), a fixed-effect for the school (ν), and a random error term (ε). Student characteristics include race and ethnicity, gender, eligibility for free or reduced-price lunch, whether or not the student switched schools, whether English is spoken at home, status as an
English language learner, the number of school absences in the previous year, and the number of suspensions in the previous year. Classroom variables include the averages of all the student characteristics, class size, grade, and the mean and standard deviation of student test scores in the prior year. All pathway effects are estimated relative to Math Immersion.
Because the field is not settled on the appropriate specification for estimating student achievement gains, we estimate a variety of alternative specifications. As noted above, the students of Math Immersion teachers have attributes frequently correlated with students with lower achievement gains than students typically taught by College Recommended teachers. To level the comparisons between Math Immersion and College Recommended teachers, our value-added estimates control for these observable attributes. In particular we include student and classroom-level variables for: prior achievement, absences, suspensions, and poverty status. We also include a school fixed effect, which has the effect of only comparing teachers from different pathways if they taught in the same school. For example, estimates of the effectiveness of Math Immersion teachers are formed by comparing Math Immersion teachers to teachers from other pathways who teach in the same school, thus controlling for many important influences, e.g., the impact of a principal or of differences in student characteristics across schools. Taken together, these controls have the effect of largely controlling for the differences in students that exist across pathways. To explore the robustness of results, we estimate alternative specifications. For example, instead of estimating current achievement as a function of prior achievement, we employ achievement gains. For each of these models we substitute student fixed effects for school fixed effects. Including student fixed effects causes differences in the effects of preparation pathways to be estimated based only on the differences in a given student's performance with teachers from different pathways, most typically in different grades. Finally, we limit the sample to only individuals who began teaching in New York City in 2004-08, rather than all teachers in 2004-08. All models cluster errors at the teacher level.
Whether or not to include teacher characteristics depends upon the question at hand. If we want to know whether teachers from Math Immersion are more effective than teachers from another pathway then there is no reason to include fixed teacher characteristics, such as SAT or certification exam scores.
In fact, the benefit of one pathway may come from its ability to recruit and select high quality candidates.
However, if we want to separate the selection from the preparation aspects of programs, then it is important to control for teachers' initial characteristics. These controls are particularly important for the parts of our analysis that look at the effects of program characteristics on preparation, as opposed to programs overall. The teacher characteristics that we include are age, gender, race and ethnicity, whether they passed their general knowledge certification exam on the first attempt, SAT scores and a series of indicator variables summarizing the ranking of their under graduate college.
In addition to exploring the average effects of pathways, we are interested in a series of related questions. How do the effects of pathways differ based on teaching experience-that is do the students of novice teachers in Math Immersion experience different achievement gains from the students of novice teachers in other pathways and how do these patterns change as teachers become more experienced? To examine this question we interact pathways with teaching experience for each of the first four years of experience.
IV. RESULTS
In this section we address each of the three research questions in turn.
Question 1) How does the background and preparation of Math Immersion teachers compare to math teachers entering through other pathways?
Attributes of Mathematics Teachers. There are meaningful differences between the attributes of Math Immersion teachers and teachers who enter through pathways other than NYCTF, particularly the College Recommended pathway. As shown in Table 2 , Math Immersion teachers, both those teaching in high school and middle school, are a more diverse group of teachers than their College Recommended peers-they are substantially more likely to be male, Black and Hispanic. They also tend to perform better on most measures of academic ability, including the math and verbal SAT exams, the Liberal Arts NYCTF mathematics teachers and the subcomponent of Math Immersion teachers are prepared at several different institutions. Table 3 shows that four campuses 10 are responsible for the vast majority of these teachers. In an analysis of the attributes of mathematics certified teachers prepared at these campuses, many of the demographic characteristics of teachers are very similar, though Campus C's teachers tend to be somewhat older and are more likely to be male, while Campus A's teachers are more likely to be Black. There is remarkable consistency across many of the measures of ability, with the exception that Campus C's relatively small Math Immersion program has teachers who outperform several other campuses on the pedagogy exam. On the SAT mathematics and verbal tests, Math
Immersion teachers at Campus Z perform better, while those at Campus A appear to perform worse than the other campuses.
[ [ Table 4 about here]
These findings are often, but not always, supported by our survey of teachers regarding their perceptions of the preparation they received in their programs. Table 5 presents the results of regression analyses where factors created from teachers' responses to survey questions regarding their perceptions of the opportunities they had to engage in various preparation activities during pre-service education are regressed on preparation pathways and school context factors. In this analysis, all pathways are relative to the Math Immersion pathway. As shown, teachers from College Recommended programs cite significantly greater general opportunities to learn about the teaching of math, preparation in specific teaching strategies, greater quality of field experiences and more opportunities to learn to work with special education students. There is no difference in perceptions of opportunities to learn mathematics content between College Recommended teachers and Math Immersion teachers. It is also the case that
Teach for America teachers report more opportunities to learn specific strategies and better field experiences but less opportunity for mathematics subject matter preparation, as was the case with regular Teaching Fellows. Regular Teaching Fellows also report fewer opportunities to learn how to teach mathematics but more opportunities in learning about specific strategies. Again, it is important to remember that the survey asked specifically about opportunities to learn prior to entering the classroom as a full-time teacher; teachers in both TFA and NYC Teaching Fellows, including Math Immersion, were still taking courses to fulfill program requirements as first-year teachers at the time they completed this survey.
[ Table 5 about here]
Although we find only modest differences in the average program requirements between Math
Immersion and College Recommended programs, we do observe greater differences among programs within each pathway. A Math Immersion Teaching Fellow could be prepared in mathematics and general pedagogy in very different ways, depending upon the campus at which he or she was prepared. As Table 6 suggests, the programs vary in terms of their course requirements. 11 There are three telling aspects of this analysis.
First, there are remarkable differences across campuses in their mathematics content and mathematics methods requirements, ranging from one 3-credit course in mathematics content required by at Campus Z to 5 or more courses required by Campuses A, B and C. The range in requirements for mathematics methods was smaller. In sum, Math Immersion Fellows could receive different emphasis on mathematics content or mathematics methods depending on the campus they attend. Second, there is a range of requirements in general pedagogy 12 across these programs. As seen in Table 6 , only two of the five campuses required courses on assessment, and, despite the continued emphasis upon and discussions about the role technology should play in teacher education programs, only one campus required coursework in technology. Finally, of the five campuses that prepared Math Immersion Fellows, four programs required at least one course in learning or child development. 13 However, again, as with the preparation in other areas reported thus far, the requirements in learning range substantially. Variation across the other components of preparation programs was not meaningful.
[ Table 6 about here]
In sum, the most striking variation across programs lies with whether programs put greater emphasis on mathematics content and methods, or more emphasis on more general preparation for teaching that was not specific to teaching mathematics topics, courses or issues. For instance, two of the Math Immersion fellows programs are structured around heavier requirements in general courses on pedagogy and learners and learning (Campus Z and Campus D), and require fewer courses in mathematics and mathematics methods. Campus Z has particularly weak requirements in mathematics content. Campus Z program requires 3 credits in mathematics content, and 6 credits in methods; these requirements represent 9 of the total of 39 credits, or 23 percent of the total required. On the other hand, at Campus C, mathematics methods and mathematics content credits represent 30 of the required 47 credits, for 63 percent of the total requirements. Campus A and Campus C stand out for their curricular emphasis on mathematics content and mathematics methods in their course requirements.
We also examined program documents and interviewed program administrators of College
Recommended programs in mathematics who supply the majority of mathematics teachers from College
Recommended programs for New York City public schools (See Table 7 ). The programs we reviewed included a total of 25 programs at 16 campuses, 14 of these programs were graduate programs, 11 were undergraduate programs. Of the 16 institutions, 10 are private and 6 are public. It is worth noting that all of the institutions that offered NYCTF Math Immersion programs also offered College Recommended programs in mathematics.
[ Table 7 about here]
We find a substantial range in requirements in mathematics content across these programs. For graduate programs in the teaching of mathematics, requirements ranged from no courses required in mathematics content, to five courses in mathematics content (See Table 7 ). In part, these lower requirements in mathematics content in graduate programs may be due to the fact that most of the graduate programs required mathematics preparation prior to entry; in many of these programs, incoming applicants were required to have been mathematics majors, although there is substantial variation among undergraduate programs in mathematics content, too. In terms of mathematics methods courses, we find a similar range with regard to requirements; almost half of the programs required just one mathematics methods course and four programs required either three or four courses. In sum, the range of requirements in mathematics methods appears to be somewhat similar to the range seen in the Math Immersion programs.
The variation in requirements for preparation in learning and in classroom management in College Recommended programs also is similar to that in Math Immersion. As summarized in by the standard deviations of required courses and credit hours for Math Immersion and College Recommended programs (Tables 6 and 7) , the variation of within pathway course requirements substantially exceeds the variation between pathways. This is perhaps not surprising in that New York's alternative preparation pathways are best characterized as allowing for differences in the timing of meeting New York State certification requirements rather than allowing for different requirements.
In light of our program analyses revealing that one program, Campus Z, stands out as having the fewest requirements in mathematics-related preparation, we examine the results of the survey comparing the responses of students from campus Z to students from the other Math Immersion campuses. To explore differences among Math Immersion programs across our measures of teacher preparation, we estimate models including indicator variables for each campus within the Math Immersion pathway where the comparison group is teachers prepared at Program Z. Because a teacher's perspective on her preparation may be influenced by the context in which she is teaching at the time she completes the questionnaire, we estimate models that include school context factors as controls. This has the effect of only comparing teachers from different pathways who teach in the same school.
14 As compared to teachers from Campus Z, we find that Math Immersion teachers from other campuses score higher across survey factors measuring preparation program attributes. 15 Though the coefficients are only sometimes statistically significant, they are consistently positive. When we group together all other campuses and compare them to Campus Z, teachers from all other campuses report having significantly more opportunities to learn to teach mathematics and more preparation to use specific teaching practices; however there are no differences in their perceptions of opportunities to learn mathematics content. These results are consistent with many, but not all, of the findings from our program review. Additionally, teachers from other campuses report higher quality field experiences.
Based on our review of the structure and content in Math Immersion and College Recommended preparation programs in mathematics and based on teacher reports of their preparation, there appears to be substantial variation within and across pathways. We now explore whether different pathways influence gains in student achievement outcomes.
Question 2) How do the achievement gains of the students taught by Math Immersion teachers compare to those of students taught by math teachers entering through other pathways?
Are teachers entering teaching in New York City through the Math Immersion program more or less effective in producing student gains on achievement tests than mathematics teachers from other pathways? Based on their preparation and their background, there are reasons to believe that NYCTF-MI teachers may have different effects on students than do other teachers. By definition, Math Immersion teachers do not have an undergraduate major in their subject area, which is commonly required for teachers entering through the College Recommended pathway. However, Math Immersion teachers also tend to have stronger academic credentials than teachers from other pathways with the exception of those entering through Teach for America. To explore the relative effectiveness of Math Immersion teachers in improving student achievement outcomes, we estimate several value-added models for students taking standardized mathematics achievement exams in grades 6-8.
We should note that to more fully examine mathematics achievement, we would like to have value added measures for high school mathematics, but such data do not currently in exist in New York City, or most other districts. This does raise a potentially important methodological issue of the placement of mathematics teachers between middle school and high school. There is anecdotal evidence that many mathematics teachers prefer to teach in high school and that many preparation programs steer their strongest students toward teaching positions in high schools, where content knowledge may be even more important. To assess whether there is any evidence of this and more importantly if such placements differentially affect some pathways or programs (a sample selection issue), we examine the qualifications of high school and middle school mathematics certified teachers by pathway (Table 2 ) and by program (not reported here 16 ). In both instances, there is systematic evidence that, on average, more qualified mathematics teachers are found in high schools; however, this phenomenon appears to occur across pathways and programs and thus does not raise concerns regarding our estimates.
Our value-added estimates of mathematics achievement gains in grades 6 through 8 are consistent
with theory and what is found in most other research employing administrative data (see Table 8 ). All of the student attributes affect achievement. For example, prior achievement (Lag Score and Lag Score Squared) is an important predictor of current achievement, Asian students outperform whites (the reference group), while Black and Hispanic students have lower achievement gains than whites. Our normalization of achievements to zero mean and unit standard deviation implies that coefficients are measured in standard deviation units. Thus, for example, Black students are estimated to have achievement gains that are 0.06 standard deviations less than whites. Students who have changed schools perform substantially more poorly than those who are not mobile, as do students with more absences and suspensions, other things being equal. The attributes of class peers also influences student achievement in the expected ways (see Class Average Measures). As has been found in several previous studies (see Rockoff, 2004; Rivkin et al, 2005; Author, 2008) , increasing experience as a teacher improves student mathematics achievement for the first four or five years, with additional experience having no meaningful effect on achievement. This effect includes both changes in an individual teacher's ability to improve achievement and the changing composition of the workforce. If teachers who are less effective are disproportionately more likely to leave middle school mathematics classrooms then at least some of the gains to experience may reflect this attrition.
[ Table 8 about here]
Pathway Effects. The focus of this research is the effect of the pathway through which a teacher enters teaching, and in particular the relative effect of teachers who enter through Math Immersion, the omitted pathway in the estimates found in Table 8 . These estimates suggest that on average, students of Math Immersion teachers in grades 6-8 have smaller gains in mathematics achievement than students of teachers from the College Recommended, Teaching Fellows, and TFA pathways. Coefficients reflect effect sizes. In gauging effect size magnitudes, it is useful to compare coefficient estimates to the effect of student gains produced by the first year of teaching experience, which most observers regard as important to student achievement. In this context, the effect of having a Teach for America teacher relative to a Math Immersion teacher is roughly the same as the first year of teaching experience (an effect size of 0.05). The additional achievement of students of College Recommended (0.016) and regular Teaching Fellows (0.021) relative to Math Immersion teachers is estimated to be between 32 and 40 percent as large as the first year of teaching experience; although not statistically significant in these estimates, they are significant at the 10 percent level in models with school fixed effects.
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Although there are significant differences between the mean effects of some of the pathways, there is also substantial overlap of the distribution of teacher value added. Figure 3 shows the distribution of the teacher fixed effects by pathway. 18 The distribution of TFA teachers is generally shifted to the right, but they also have a meaningful number of relatively more effective teachers as indicated by the bump in the distribution between effect sizes of 0.4 and 0.6. Although the distributions diverge in some interesting ways, it is clear that most of the teachers from one pathway are indistinguishable from teachers who entered through other pathways.
[ Figure 3 about here]
To explore the robustness of these findings, Table 9 compares these estimates across a variety of model specifications. We examine the consequences: of employing student fixed effects rather than school fixed effects, of including teacher controls (age, gender, race and ethnicity, whether they passed their general knowledge certification exam on the first attempt, SAT scores and a series of indicator variables summarizing the ranking of their under graduate college), and of employing achievement gains rather than levels as the dependent variable. In general, the effect of gains rather than levels results in only minor changes in the estimated effects of pathways (columns 1 and 3 versus 2, and 4). Similarly employing student fixed effects rather than school fixed effects as controls changes the estimated coefficients in small ways, though the regular Teaching Fellows and College Recommended pathways are now statistically significantly different from Math Immersion at the 5 percent level or better (e.g., column 1 v. 5).
[ Table 9 about here] Does Selection Matter? Including teacher controls substantially reduces the magnitude of the pathway coefficient estimates (Table 9 , columns 3, 4, 7 and 8). In general we believe that teacher preparation programs perform two functions-selection and preparation, and should be judged on the combined effect. However, we also find it interesting to attempt to disentangle these components by including teacher controls that can be viewed as proxies for variables programs use in determining admissions. Admittedly these are not strong controls for the characteristics that likely differentiate teachers when they apply to programs. However, the effect of including the teacher controls that we can observe has the effect of reducing the TFA pathway effect by more than 70 percent (0.055 to 0.018) in the model estimated in levels with school fixed effects. This is consistent with the notion that TFA is very good at recruiting and identifying teachers who are ultimately effective in producing achievement gains.
This also suggests that our proxies for teacher qualifications are important in improving student achievement. 19 In addition, we estimate the same models presented in Table 9 but limiting the sample to only teachers who began their careers in 2003-04 or later. These results are very similar to those presented in Table 9 ; however they indicate that College Recommended teachers outperform Math
Immersion teachers (effect size =0.035). 20 To understand this result better, we explore the relationship between experience and pathway in more detail.
Are there Differential Gains from Experience? As mentioned earlier, the timing of teacher preparation is much different for teachers entering through alternative certification pathways such as Math Immersion than for teachers entering through College Recommended programs in New York. Due to these timing differences, it is useful to explore how the effects of pathways may differ systematically with the early years of teaching experience. We might expect that teachers entering through alternative certification pathways might be less effective in their first year or two of teaching but that the gap would close as they both gained more experience and completed their preparation requirements. 21 Table 10 summarizes the difference at each level of experience between each pathway and Math Immersion and whether that difference is statistically significant. Students of Math Immersion teachers typically have smaller mathematics achievement gains at every level of experience than those of College Recommended and Teaching Fellows teachers. However, these differences are typically not statistically significant at the 10 percent level. Math Immersion teachers are estimated to be less effective than TFA teachers at each level of experience. These effects are statistically significant only in the first and second years, which likely reflects the small sample sizes in both groups, as the point estimates remain relatively large.
[ Table 10 about here]
Are Some Programs More Effective? Our earlier analysis of the structure and content of the preparation that Math Immersion Teachers revealed substantive variation across the five programs that prepared the vast majority of Math Immersion Teachers. Further we found some differences in the teaching candidates who participated in each of these programs. To explore whether these differences resulted in differential student achievement gains, we estimated models that included all pathways but also identified the specific institutions through which Math Immersion teachers were prepared (see Table   11 ). Here teachers enrolling at Campus Z are the comparison group. These results suggest that Campuses B, C and E appear to outperform Campus Z in most model specifications and Campus D does so less consistently. When Campus Z is eliminated from the estimation of pathway effects there are no differences between College Recommended, Teaching Fellows and Math Immersion teachers. Taken together, these results suggest that the specific implementation of Math Immersion in different programs can importantly affect teacher preparation and resulting student achievement.
[ Table 11 about here]
In trying to understand the relatively less effective performance of teachers from Campus Z, we refer back to our analysis of program requirements and of the survey results. As described above, Campus Z had the fewest requirements in mathematics and mathematics methods of all the Math Immersion campuses, while Campus C had the greatest followed closely by A and B. These results are suggestive, but given the few programs training Math Immersion teachers and the numerous ways in which they may differ, we cannot hope to make causal statements of the effects of program design on outcomes. These results do suggest that more research should focus on the relationship between the quantity and quality of mathematics content and pedagogy preparation and a teacher's ability to improve mathematics achievement.
Question 3) How does the retention of Math Immersion candidates compare to math teachers entering through other pathways?
The students of individuals who enter teaching through the Math Immersion program appear to have mathematics achievement gains that are somewhat lower than those of College Recommended and substantially lower than TFA teachers.. Most policy makers appropriately place great weight on student outcomes as means of evaluating alternative policies and programs. Increasingly, teacher attrition has become an important issue, as there is concern that individuals who enter teaching through alternative certification routes, such as Math Immersion, are less likely to remain in teaching. Teacher attrition is potentially troubling for several reasons. First, there is very strong evidence that the effectiveness of teachers improves during their first four or five years (see Rockoff, 2004; Rivkin et al, 2005; Author, 2008) and as a result losing teachers who have gained experience directly influences student achievement, other things being equal. There are indirect effects as well. High turnover rates make it difficult for school leaders and teachers to work together effectively, thus compromising the learning environment.
Finally, the costs associated with recruiting and mentoring new teachers represents a substantial investment that could easily be employed in other ways (see, for example, Barnes et al. 2007 ).
We employ personnel files from the New York City Department of Education to explore teacher attrition. These files identify each time a teacher changes status, e.g., retire, transfers schools, take a leave of absence, etc. Using these data we define a teacher in any given year as someone employed as a teacher as of October 15 th of that academic year. 22 Teachers are defined as remaining in the same school if their personnel records indicate they began the next academic year teaching in the same school; they are defined as having transferred to another school in NYC at the beginning of the next academic year they are a teacher in a different school; and they are defined as leaving teaching in New York City public schools if personnel records show they have retired, exited or were on leave and not returning for more than one year.
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Descriptive statistics characterizing the attrition rates for math-certified teachers by pathway in grades 6 through 12 are shown in Table 12 [ Table 12 about here]
How would the academic gains of students differ as a result of school officials systematically filling job openings by hiring teachers entering through one pathway versus another? The answer, in part, depends upon the relative effectiveness of teachers at each level of experience across pathway as discussed above. However, it is also necessary to account for differences in retention rates across pathways. This follows from the meaningful gains in teacher value-added associated with increased experience over the first few year of teaching. If one pathway consistently has higher turnover, even if its teachers do well relative to those in other pathways with the same experience, the pathway may not be providing the most effective teachers, on average.
How does the average value-added of teachers vary across pathways once differences in teacher retention rates are taken into account? We address this question using the following simulation. Suppose that school officials hired an arbitrary number of new teachers (e.g., 1000) from each of the pathways. For subsequent years, the teachers hired from each pathway are allowed to age through the experience distribution, applying the pathway dependent retention rates implied in Table 12 . Teachers who leave are replaced by teachers with no prior experience from the same pathway. These new hires in turn age through the system. Pathway value added is computed as the pathway by experience value added (Table 10 without teacher controls) adjusted to accounted for teacher retention (Table 12) . In this way, it is possible to simulate how the experience distribution of teachers from each pathway would evolve over time and differ across pathways, thus allowing us to estimate how such differences affect the average value-added of the teachers from each pathway. These results are shown in the top panel of Table 13 . The most striking result is that the clear advantage that TFA teachers had at every level of experience (see the value added estimates in the bottom panel of Table 13 ) dissipates as the very high attrition of TFA teachers following their second and third years of experience causes many more TFA teachers to be replaced by novices. Because of its lower attrition, the College Recommended pathway develops a small advantage relative to the Math Immersion and is roughly equivalent to the regular Teaching Fellows and TFA pathways.
[ Table 13 about here]
V. Conclusion
Math Immersion was born of necessity to assist in filling the vacancies when uncertified teachers were barred from teaching and insufficient numbers of College Recommended or alternatively certified teachers who met the existing mathematics certification requirements were available to teach in New York City. Four years since its inception, the Math Immersion preparation pathway has supplied 50 percent of all new certified mathematics teachers to New York City public schools. Given this growth, it is important to examine the design of the program and its effects on student achievement.
In general, we find that Math Immersion teachers have stronger academic qualifications, e.g., SAT scores and licensure exam scores, than their College Recommended peers, although they have weaker qualifications than Teach for America teachers. In addition, Math Immersion teachers are found in some of the most challenging classrooms in New York City. In this respect, the program has succeeded in attracting teachers with stronger academic backgrounds to teach in high needs schools.
However, despite stronger general academic qualifications, Math Immersion teachers are responsible for somewhat smaller gains in mathematics achievement for middle school mathematics students than are College Recommended teachers, although in many cases these differences are not Based on the value-added and attrition results, one might be tempted to conclude that New York City should be hiring more TFA and College Recommended teachers and looking to dismantle the Math Immersion program. However, such a conclusion ignores the fact that for many years prior to the creation of Math Immersion, New York City hired a very large number of uncertified teachers; many of these teachers taught middle and high school mathematics classes precisely because there were insufficient numbers of College Recommended teachers certified in mathematics who were willing to staff these low-performing schools. While the number of math teachers prepared through College
Recommended programs has increased in recent years, these programs are still not preparing sufficient math teachers to fill the demand. Additionally, due to reduced demand for teachers beginning in 2008-09, the Math Immersion program has been able to raise the standards by which it accepts applicants. It will be interesting to assess whether this change affects the average effectiveness of new cohorts.
Recruiting and preparing high quality teachers to meet the demand of K-12 schools is a massive undertaking, and many high needs schools have found it very difficult to recruit and retain effective teachers. While there is a great deal to learn regarding the effective recruitment and preparation of teachers, there is already ample evidence that each pathway produces teachers who range in effectiveness, with some very effective teachers and some teachers who are less so. Similarly, within pathways programs vary in their effectiveness. This suggests that the policy discussion about teacher preparation should be focused on the features of programs and pathways that contribute most powerfully to successful teachers and not whether one pathway outperforms another. Given variation within pathways, policymakers are well advised to invest in the development of programs that draw on the most promising features of the more successful existing programs.
As we have argued earlier, programs can influence their outcomes through both the recruitment and selection of promising candidates and strong preparation. The analysis in this paper suggests that on average TFA teachers produce student achievement gains in middle school mathematics that exceed those of teachers from other pathways with comparable experience. TFA has invested heavily in the recruitment and selection of its Corps members and our findings suggest this effort accounts for a substantial portion of the difference achievement differences between TFA and Math Immersion or the importance of strong mathematics content knowledge as well. In addition, the more circumstantial evidence on the impact of a program with limited content preparation, indicated by the weak effects of program Z, also suggests that programs invest in math-specific preparation, in both content and pedagogy.
One of the implications of this line of reasoning is to design and evaluate programs that combine the recruitment of academically strong candidates with high quality preparation in mathematics content, mathematics pedagogy, and field experiences that provide them with opportunities to observe effective teachers and practice their teaching skills in closely supervised classrooms of high needs students. The variability of teachers within each pathway points both to the importance of better understanding effective recruitment and preparation and to the importance of monitoring and supporting teachers once in the classroom. Improving the quality of mathematics teaching in our schools will require more systematic and rigorous evaluation of the selection and preparation components of teacher education and attention to the impact of retention on the effectiveness of different pathways. * In addition to the pathway indicator variables each regression contains school context factors, which include a factor representing: teacher influence on planning and teaching, administrative quality, staff collegiality and support, student attitudes and behavior, school facilities, and school safety. t statistics in brackets, significance: *= .05, **=.01, ***= .001. Campus Z 1 (3) 2 (6) 0 1 (3) 1 (3) 1 (3) 1 (3) 0 39 *Program does not pay for or provide for these two prior mathematics courses. 
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Campus 11 Grad 2 (6) 3 (9) 0 0 1 (3) 1 (3) 1 (1) * Level models use current student achievement levels as dependent variable with lagged achievement and its square as independent variables. Gain models use the achievement gain as the dependent variable. In addition all models include the other independent variables included in the base specification shown in Table 8 . Observations clustered at the teacher level. All pathway effects are relative to the effect of the NYCTF Math Immersion pathway. t statistics in brackets, significance: * .05, **.01, *** .001. * Level models use current student achievement levels as dependent variable with lagged achievement and its square as independent variables. In addition all models include the other independent variables included in Table 8 . Observations clustered at the teacher level. All pathway and program effects are relative to the effect of the NYCTF Math Immersion program at Program Z. t statistics in brackets, significance: * .05, **.01, *** .001. 
